The Helmholtz equation is solved using the lattice-Boltzmann technique for a d2q9 lattice velocity scheme. We assumed a distribution function that satisfies the lattice-Boltzmann equation, and its average on cell gives account for the scalar field that solves Helmholtz equation. The method relies on the definition of the second moment of the distribution. We obtain the classic interference behavior for several sources.
Introduction
The Helmholtz equation, (HEq), is a major research area in modern physics and engineering. This differential equation appears, e.g., in plasma physics, fluid mechanics, acoustics, wave propagation and dispersion, electromagnetic scattering, elastic waves in continuous media, etc [1] . We can find a lot of research in pure and applied mathematics about the Helmholtz equation. For instance, the Adomain decomposition method [2] , homotopy analysis method to solve the nonhomogeneous three dimensional Helmholtz equation [3] . Moreover, in the last three decades, the use of the lattice-Boltzmann (LB) technique, has become in a very important tool. Basically, LB is the result of the discretized Boltzmann equation on a mesh, and the average macroscopic properties on them, offers a good response to the continuum equations of the differential equation. For instance, LB has been applied to problems related with magneto-hydrodynamics [4] and suspension flow [5] . In the same way, the Poisson equation is solved, using LB, by means of an adequate choice of the distribution moments and of the equilibrium distribution function [6] . This paper proposes, using the lattice Boltzmann method a solution to the Helmholtz equation. In section 2, we begin with a review of the latticeBoltzmann technique and the moment relations of the equilibrium distribution functions applied to derivation of the Helmholtz equations. In section 3, we deduce the Helmholtz equation, using a hypothesis in the tensor. In section 4, we obtain the equilibrium distribution functions that we use on a d2q9 lattice velocity scheme for the computational scheme. In section 5, we present results and at last, in section 6, we give conclusions.
The lattice Boltzmann model
The Boltzmann equation gives the temporal evolution of the single particle probability distribution function f i ( x, t) which in the lattice-Boltzmann method is discretized, becoming into f i ( x, t) at the site as:
where Ω i is the local collision operator that gives the local interaction rules between particle collision. It could very complex and then inefficient from the computational point view. Using the B.G.K. (Batnaghar Gross and Crook) [7] the collision operator could be approximated by a single time relaxation process that might happen for a given particle probability distribution at constant rate. This distribution is called f eq i ( x, t) and it is given by:
Here 1/τ measures the the approaching rate to the equilibrium. Expanding the distribution functions and the time and space derivatives, we get:
Replacing equations (3-6) into eq. (1), produce at first order in :
At second order in :
And at third order in :
Using some algebra in eqs. (6) and (7), we obtain:
Moments of the distribution
Doing the next definitions for the statistical meoments of f i , we have:
Where ρ and u correspond to the microscopic density field an velocity field of the physical system. Besides, we assume the distribution function f i satisfy the probability conservation condition with the equilibrium distribution f eq i , such that:
The Helmhöltz equation
Taking the summation about (i) in eqs. (7) and (8) and computing (7) and (8)×(v i,α ), we get:
The tensor Π (0) is defined a diagonal matrix
Replacing eq. (18) in eq. (17), we obtain:
Interchanging derivatives we can get:
Applying divergence in eq. (21), we get:
Using eq. (16) in eq. (22), we obtain:
The lattice velocities D2Q9 scheme.
Taking out the temporal derivative operator
Assuming the interior term in the parenthesis, as zero, we get the Debye-Hückel equation 5 The equilibrium distribution function using d2q9 velocity scheme.
The d2q9 scheme velocity lattice shown in fig. (1) is used. The directions v i and weights w i on each cell are defined as:
, if i = 0 Both, directions v i and weights w i , follow the next tensorial relations:
The equilibrium function used is:
The A, B y C constants in the equilibrium function f (eq) i
, are proportional to the macroscopic quantities, and they are calculated using eqs. (11-13) in combination with eqs. (27-29), then:
and
Then, the equilibrium function that satisfies the Poisson-Boltzmann equation is,
and i = 0
Analysis and Results
To implement the derivative operator of ρ(x, t) that is used in eq. (21) we applied the difference discretization scheme of the second derivative as:
In order to give a benchmark the LB for the Helmholtz equation, we use the interference phenomena. The starting point is initialization of the system with the function:
Therefore the algorithm begins at t 0 = 0, with the Eq. (34) in all the nodes of system, and for each one of the four components . The system size is . Then Eq. (1) is charged
Conclusions
We have solved the Helmholtz equation using the lattice-Boltzmann method. The comparison between the analytical and simulation results has matched pretty well. Also, we present the result for two initial perturbations showing explicitly the superposition principle of the diffusion equation. As a future work we can extend the method to nonlinear Helmholtz equation.
